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Abstract Case: A 34-year-old woman was referred to our
hospital with progressive movement disorders and neuro-
degeneration with brain iron accumulation and enlargement
of the frontal diploe on the MRI. Metabolic testing revealed
that she had a-mannosidosis (AMD), a lysosomal storage
disorder.

Background: AMD is a rare genetic disorder that causes
a-mannosidase deficiency resulting in lysosomal accumu-
lation of undigested oligosaccharides. The symptoms of
AMD consist of facial and skeletal deformities combined
with progressive psychiatric and neurological complaints,
especially ataxia and mental retardation. Bilateral patellar
dislocation and hearing impairment are frequent.

Discussion: The movement disorders we found in our
patient have not been reported previously, but they are
likely late symptoms of this progressive disorder. The iron
deposits in the basal ganglia have also not been reported in
AMD and are yet of unknown significance. Lysosomal

storage disorders, such as AMD, should be considered in
patients with progressive neurologic conditions and neuro-
degeneration with brain iron accumulation on MRI.

Introduction

a-Mannosidosis (AMD) is a rare autosomal recessive
genetic disorder of the LAMAN gene (MAN2B1) that
causes a-mannosidase deficiency. This results in lysosomal
accumulation of undigested oligosaccharides. The inci-
dence is 1 in 500,000 live births. Diagnosis is made by
measuring acid a-mannosidase activity in leucocytes. The
symptoms of AMD consist of facial and skeletal deform-
ities combined with progressive psychiatric and neurologi-
cal complaints, especially ataxia and mental retardation.
Bilateral patellar dislocation and hearing impairment are
frequent (Malm and Nilssen 2008).

Three clinical types of AMD are recognized: Type 1,
mild form with slow progression, clinically recognized after
10 years of age, without skeletal abnormalities; Type 2, the
most frequent form with slow progression, recognized
before 10 years of age, with skeletal abnormalities and
ataxia from age 20 to 30; Type 3, severe form, immediately
recognized and leading to an early death (Malm and
Nilssen 2008). We report a case of an adult diagnosed
patient with juvenile onset of AMD (Type 2) and striking
neurodegeneration with brain iron accumulation (NBIA)
on MRI.

Case Report

A 34-year-old woman was referred for a progressive move-
ment disorder. She was born to healthy nonconsanguineous
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Dutch parents; pregnancy and birth were unremarkable.
Developmental milestones were delayed, walking started at
age 2.5 years. Since puberty, she suffered from progressive
coordination problems of all limbs, leading to repetitive
falls. In the same period she also lost the ability to ambulate
and her cognition and memory progressively declined.
Depressive symptoms developed over the years, for which
she used sertraline and pipamperon, and hearing dimin-
ished. Medical history revealed repetitive knee surgery for
dislocations and a laminectomy for lumbar stenosis. Family
history was negative.

Her face showed the characteristic coarse facial features
of AMD (see Video 1). On neurological examination, a
mentally retarded woman was seen with impersistence of
ocular movements and dysarthria. Mild atrophy of the hand
interossei muscles and hammer toes was noted. Arm
movements were bilaterally ataxic. During action, mild

dystonia of the hands and positive and negative myoclonus
on both arms were observed, distally more severe than
proximally. On walking, a broad-based, ataxic gait was
seen. Reflexes were symmetrical with bilaterally suspect
plantar responses (Video 1).

A 1.5 T MRI of the cerebrum showed cerebral and
cerebellar atrophy (Fig. 1), enlargement of the frontal
diploe and bilateral hypointensities in the pulvinar of
the thalamus, globus pallidus and putamen on T2-(turbo
spin echo; TSE)-weighted images, suggestive for iron
accumulation (Fig. 1; compared to healthy age- and sex-
matched control in Fig. 2). The substantia nigra and red
nucleus were also hypointense on T2-(TSE)-weighted
images (Fig. 3). The basal ganglia were isointense on
T1-weighted images. Other iron-rich nuclei (e.g., dentate
nucleus) were less hypointense compared to the thalamus,
globus pallidus, and putamen. A CT-scan ruled out

Fig. 1 Combined MRI image. The left side is a sagittal T1-weighted
image showing cranial dysmorphia and thickening of the calvaria with
enlargement of the frontal diploe, mild cerebral atrophy, and severe

cerebellar atrophy. The right side is a transversal T2-(TSE)-weighted
image showing hypointensities consistent with bilateral iron accumu-
lation in the pulvinar of the thalamus, globus pallidus, and putamen

Fig. 2 T2-weighted MRI-scan of a healthy age- and sex-matched
control at the same level as the right side of Fig. 1

Fig. 3 T1-weighted image of the patient at the level of the basal
ganglia showing an isointense signal
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calcifications. The combination of brain atrophy and basal
ganglia hypointensities, suggestive for iron accumulation, is
known as NBIA (Gregory et al. 2009). Of the usual causes
of NBIA (also see Discussion), pantothenate kinase-
associated neurodegeneration, neuroferritinopathy, and
aceruloplasminaemia were excluded with genetic and
laboratory tests.

Based on the patients’ clinical picture, extensive bio-
chemical and genetic tests were performed including a
muscle biopsy and genetic tests for mitochondrial disorders,
spinocerebellar ataxias (SCA1, 2, 3, and 17) and Friedrich’s
ataxia (FRDA) and all tests were negative. However,
laboratory testing of the urine showed high concentrations
of mannose-rich oligosaccharides, indicative of AMD. This
diagnosis was confirmed by a deficient a-mannosidase
activity of 1 nmol/mg h in leucocytes (n ¼ 70–270).

Discussion

We diagnosed AMD in this patient at the age of 34 years,
despite the juvenile onset and typical clinical phenotype.
The movement disorders with dystonia and positive and
negative myoclonus have not been reported previously,
but they are likely late symptoms of this progressive
disorder. The NBIA detected in our patient has also not
been described previously. In 12 patients with AMD, the
MRI has been described, showing several nonspecific
abnormalities in bone structure and gray and white matter
(Ara et al. 1999; Dietemann et al. 1990; Niemann et al.
1996; Gutschalk et al. 2004; Patlas et al. 2001). Interest-
ingly, in a 27-year-old man with AMD bilateral hypointen-
sities of unknown origin in the basal ganglia, especially the
thalamus, on T2-weighted images were described (Ara et al.
1999). Furthermore, two AMD patients showed bilateral
hypointensities in the thalamic region on T2-weighted
images, but the authors state that the intensity of the basal
ganglia was normal (Gutschalk et al. 2004). Iron accumu-
lation has not been shown in postmortem pathology studies
of young patients with AMD (Kjellman et al. 1969; Sung
et al. 1977). As far as we know, there are no published
pathology studies of older patients with AMD.The combi-
nation of brain atrophy and hypointensities in the basal
ganglia on MRI is referred to as NBIA. Iron is hypointense
on T2-weigthed images and isointense on T1-weighted
images and CT-scan, differentiating it from calcifications
that are hypointense on T2-weighted and hyperintense on
T1-weighted images. Until now, in only 50–70% of the
NBIA cases, the cause is known and associated with
a genetic disorder leading to iron accumulation in the basal
ganglia; e.g., pantothenate kinase-associated neurodegener-
ation (PKAN), infantile neuroaxonal dystrophy (INAD),

neuroferritinopathy and aceruloplasminaemia (Gregory
et al. 2009). The remaining 30–50% of NBIA cases is
idiopathic. In our patient, three of these four causes of
NBIA were excluded (PKAN, neuroferritinopathy, and
aceruloplasminaemia) with genetic and laboratory tests.
INAD was not excluded, because it is not possible to test
this condition in the Netherlands and we already made a
suitable diagnosis. This case illustrates that lysosomal
storage disorders should be considered. Hypointensities in
the basal ganglia and the thalamus have been described
in other lysosomal storage diseases, such as fucosidosis
and mucoliposidosis, but were not classified as NBIA
(Autti et al. 2007). The pathogenetic mechanisms under-
lining the basal ganglia abnormalities in AMD remain to
be determined. In mucolipidosis, the hypointensities in
the basal ganglia were suggested to be caused by iron
accumulation based on the inability of lysosomes to release
iron because of lipofuscin accumulation (Johnstone and
Milward 2010). Comparable mechanisms could play a role
in AMD. Alternatively, the hypointensities could be
caused by alterations in tissue viscosity by accumulation
of lysosomal storage material and give similar resonances
on MRI as that of iron (Autti et al. 2007). However, one
would expect the abnormalities to be present in almost all
lysosomal storage disorders, instead of in a selected number
of disorders (Autti et al. 2007).

In conclusion, in patients with a progressive neurologic
condition and features of NBIA on the MRI not only
ferritinopathies but also AMD and other lysosomal storage
diseases should be considered.
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Take Home Message

In patients with a progressive neurologic condition and
features of iron depositions on the MRI also think of AMD.

Supplemental Data

Video of the neurological exam (Zoons et al video1.mpg).

Video legend

Zoons et al video 1.mpg: The video consists of 5 segments,
divided by transitions.

Segment 1 shows the patient at rest. The typical coarse
facial features are visible and there is mild dysarthria.
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Segment 2 shows myoclonus of the hands (left>right)
in rest.

Segment 3 shows the patient during extension of the
arms and wrists, first both and then one arm at a time.
During this segment there is mild dystonia and both
positive and negative myoclonus on both arms.

Segment 4 shows ataxia when the patient moves her
finger from her knee to her nose and back, on both arms.
During the second part of this segment the patient attempts
to hold up both arms in front of her chest with flexion in the
elbows. Mild dystonia and positive and negative myoclonus
can be noted.

Segment 5 shows the patient walking with a broad-based
ataxic gait. Mild dystonia of the arms can be noted.
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